The Invention 

The invention is directed to recombinant materials which encode single-chain forms of 
four specific hormones: LH, FSH, TSH and CG. These single-chain forms retain the biological 
activity of the heterodimers that are the native forms of these glycoproteins, unless they are 
specifically designed to be antagonists. The single-chain forms may be used in a manner similar 
to that associated with the native protein. The possible advantages of the single-chain forms are 
set forth on page 6 of the specification beginning at line 7. In any event, it is an unpredictable 
result that it is possible to construct single-chain forms of these hormones which retain the 
biological activity of the heterodimeric counterpart. 

The Rejections 

The sole remaining rejection is made with respect to the combination of Thomason with 
two Reddy documents. In some instances, specific claims are rejected on this basis with the 
addition of still another document(s). These additional documents will be discussed below. 
However, in all cases applicants believe the rejection is in error because first, there is no 
motivation to combine Thomason with the two Reddy documents, and, second, even if these 
documents were combined, making the invention obvious to try, there is no reasonable 
expectation of success. 

With respect to motivation, the Office is reminded that the motivation to combine these 
documents cannot come from hindsight but must be suggested either by the documents 
themselves or by the problem to be solved. The basis of this principle in the decided case law 
was extensively discussed in the previous response and is incorporated herein by reference. The 
Office appears to take the view that the motivation here lies in the problem to be solved. But this 
is not the case. While the advantages of a single-chain form as set forth on page 6 of the 
application refer to problems of recombinant production, and mention bacteria, the major 
advantages cited are enhanced stability, enhanced half-life, and value as a research tool to 
explore the effect of varying the molecule. Typically, the heterodimers representing the wild- 
type proteins corresponding to the single-chain forms of the present invention are produced in 
mammalian cells, typically CHO cells. There is no problem here with renaturation, which is the 
specific problem that Thomason sets out to solve. 
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This is apparent from Thomason, column 2. The discussion there makes clear that 
Thomason regards expression in yeast and mammalian cells unsatisfactory because of low yields 
and the requirement for more fastidious culture conditions. The problem to be solved in 
Thomason is to provide at least a partial solution to the problem of refolding when the PDGF is 
formed in bacterial cells where yields are higher. This is a particular problem for PDGF for two 
reasons. First, PDGF can spontaneously form homodimers as well as heterodimers. This is not 
true with respect to the glycoprotein hormones. Second, and perhaps more relevant, the incorrect 
conformations of PDGF, resulting in inclusion bodies in bacterial production, are actually held 
together by disulfide bonds which must be broken in order for refolding to occur. The 
advantages of the single-chain form, then, according to Thomason, are simply that "[T]he 
reactions necessary to generate the biologically active multimeric form of the polypeptide 
proceed with first order rather than second or higher order reaction kinetics. The fusion 
multimers of the present invention also eliminate the simultaneous formation of undesired 
polypeptide byproducts during refolding." (Column 2, line 60 et seq.) These problems are 
simply not those addressed by the present invention. There is no problem with formation of 
homodimers; refolding is not necessary when the glycoproteins are (as disclosed by Reddy) 
recombinantly produced as they conventionally are in mammalian cells. 

Further discussion of the problems to be solved by Thomason is set forth in column 5, 
beginning at line 26. This section specifically points out that when the subunits are prepared 
separately in bacteria and refolded, where a PDGF-AB heterodimer is desired, side products 
containing PDGF-AA and PDGF-BB are also formed. This is no doubt aggravated by the 
several mature forms of at least the B subunit known to be available (see column 5, lines 9-18). 
These problems are recognized to be present even if mammalian or yeast host cells were used for 
expression as Thomason states in column 5, lines 44-50. None of these problems exists or needs 
to be solved with respect to the glycoprotein hormones. They do not form homodimers 
spontaneously or under refolding conditions and they do not have miscellaneous mature forms of 
the P-subunit. 

Certainly Thomason does not itself suggest that its disclosure should be combined with 
descriptions of other unrelated proteins. In column 6, lines 31-38, the reader is directed only to 
other members of the PDGF family. 
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Thus, applicants fail to see any motivation to apply the techniques disclosed in Thomason 
to the glycoprotein hormones disclosed in the secondary Reddy references, absent the disclosure 
of the invention herein. As the Office is almost certainly aware, the teaching of a document 
needs to be considered as a whole, not only those portions that support the position of the Office. 
Taken as a whole, Thomason merely suggests that where problems arise through the necessity to 
refold multimers made up of subunits where undesired side products arise due to the tendency to 
form both homodimers and heterodimers, and where the subunits are linked through disulfide 
bonds (column 3, lines 45-53), it may be advantageous to prepare the compound, specifically a 
member of the PDGF family, as a single-chain fusion protein. 

Applicants are aware that Thomason, which is cited under 35 U.S.C. § 102(e), is 
accorded full status as a document citable under 35 U.S.C. § 103 according to the holding in 
Hazeltine v. Brenner ', 147 USPQ 429 (S.Ct. 1965). However, in evaluating motivation to 
combine , the Office is asked to consider that as of the priority date of the present application, 
there could have been no possible motivation to combine Thomason with anything else since 
Thomason was not a public document at that time. 

Even if Thomason is, however, combined with Reddy and it would have been "obvious to 
try" to make single-chain forms of the glycoprotein hormones which retain their biological 
activity, there was clearly no reasonable expectation of success. As verified by the enclosed 
Declaration of Dr. Aaron Hsueh, it is impossible to predict from one protein to the next whether 
formation of a single-chain moiety from a heterodimer would or would not result in a similarly 
biologically active protein. 

As set forth in Dr. Hsueh' s Declaration, constructs were made to produce a single-chain 
form of the gonadal glycoprotein hormone inhibin which regulates pituitary FSH secretion. 
Enclosed herewith, for the convenience of the Office, is an article by Mason, A. J. et al Biochem 
Biophys Res Commun (1986) 135:957-964, which describes the precise structure of inhibin. As 
shown in Figure 1, the mature 134-amino acid a-inhibin subunit is formed from a much longer 
protein containing 335 amino acids. Similarly, the two alternative p-subunits are obtained from 
longer precursor proteins. As set forth in Dr. Hsueh' s Declaration, a construct was prepared 
wherein the 3* end of the nucleotide sequence encoding the mature p-subunit was fused to the 5' 
end of the mature a-subunit which did not contain the pro domain of the a-subunit. No secretion 
of the single-chain protein putatively expressed was even obtained. It will be noted, of course, 
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that Thomason specifically teaches that in the case of a PDGF fusion dimer, a spacer moiety is 
not believed to be necessary. (Column 6, lines 39-40 and 59-60.) Dr. Hsueh then constructed a 
nucleotide sequence and expression system for a fusion protein where the a-subunit pro sequence 
was included as a "spacer" between the (3-subunit and the downstream a mature subunit (said to 
be unnecessary by Thomason). Protein was secreted, but was not biologically active. These 
results are in direct contradiction to the results obtained by Thomason who was, apparently, able 
to show mitogenic activity by the fusion dimer prepared using two B subunits separated by a 
spacer. 

The contrast with the results of Thomason is even more striking by virtue of the fact that 
inhibin, like PDGF, is composed of subunits covalently linked by disulfide bonds. Thus, one 
would expect the predictability of success for inhibin to be even greater than that for the 
glycoprotein hormones which contain disulfide links only to constrain the three-dimensional 
structure within the individual subunits. This adds to the uncertainty since fusion in a single- 
chain form could conceivably interfere with this intra subunit binding, whereas it would be less 
likely to interfere with the inter subunit binding that is responsible for stabilizing the dimer. 

Thus, Dr. Hsueh' s Declaration clearly shows that even if single-chain glycoprotein 
hormones which retain biological activity (or could be designed to become antagonists) were 
obvious to try on the basis of Thomason, there is no reasonable expectation of success. A more 
closely related protein to PDGF such as inhibin fails to behave as putatively predicted by 
Thomason. 

The results obtained by Dr. Hsueh are clearly in agreement with the views expressed by 
experts in the field of protein chemistry and manipulation. The enclosed Declaration of 
Dr. Elliot L. Elson, a prominent expert in the field, verifies that results obtained with one protein 
or one type of protein do not extrapolate to proteins of other kinds. Specifically, extrapolating 
successful results with multimeric proteins wherein the subunits are stabilized by disulfide bonds 
does not predict success with multimers where subunits are noncovalently associated. The 
reason for this is that, because of the stability of the disulfide linkages relative to noncovalent 
association, the distortions in activity caused by forcing the subunits into association are 
inherently greater for noncovalently bonded subunits than for covalently bonded ones. Hence, it 
is entirely unpredictable, based on the disclosure of Thomason, whether multimers other than 
those in the PDGF family, even when disulfide-bonded, would retain activity and suitability for 
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administration; the unpredictability skyrockets when an attempt is made to extrapolate 
Thomason's conclusions to multimers where the subunits are noncovalently associated. 

Also enclosed, as a matter of interest, is an article by Grossmann, M. et al J Biol Chem 
(1997) 272:21312-21316 which credits one of the present applicants as having "pioneered" the 
construction of the bioactive gonadotropins as single chains. These authors, in addition, seem 
unwilling even to extrapolate the results with the gonadotropin to the closely related TSH. 
However, the article does show that, as predicted by the present applicants, the related protein 
TSH can be prepared in single-chain form successfully. 

For the foregoing reasons, all of the pending claims are patentable over the above-cited 

art. 

The Office apparently acknowledges this, at least, with respect to certain claims. With 
respect to claims 7, 9, 17, 19, 27, 29, 37 and 39, which provide that variants have particular types 
of alterations, the Office combines the primary and secondary references with Zurawski et al 
The Office asserts that techniques taught by Zurawski of structural deletion analysis to identify 
critical regions within mouse IL-2 could equally be applied to the glycoprotein hormones. The 
motivation to combine Zurawski is said to reside in Zurawski 5 s teaching of the general utility of 
the method. This hardly amounts to motivation. It does not identify a problem to be solved or 
provide a reason to modify the glycoprotein hormones. Even if Zurawski is combined with the 
remaining cited references, there is no showing on the part of the Office that the specific 
deletions or substitutions required would result. 

Claims 3, 6, 13, 36, 23, 26, 33 and 36 were rejected on the same basis with the addition 
of Fares et al or Boime, U.S. Patent No. 5,585,345. These claims require the inclusion of a 
partial or complete CTP in the single-chain form. Again, there appears to be no motivation to 
combine the teaching of these tertiary references with those already cited absent the teaching of 
the present invention. 

Claims 5, 15, 25 and 35 were rejected adding in the citations to Chaudhary et al and 
Cousens et al These claims require a gly/ser repeat. The relevance of Chaudhary is unclear; the 
mere inclusion of a 15-residue long stretch of gly and ser residues in a much longer linker hardly 
suggests any focus on that particular sequence. As for Cousens, column 4 fails to suggest gly/ser 
linkages at all. Gly and ser and included in a very long list of appropriate amino acids (column 
4, lines 34-35). The exemplified linkers in Cousens are not gly/ser linkages either (lines 36-38). 
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Conclusion 



There is no motivation to combine Thomason which is directed to a method to assist 
refolding of disulfide-linked dimeric proteins produced recombinantly in bacteria with the 
disclosure of Reddy which merely describes recombinant materials for the production of FSH in 
murine cells. The glycoprotein hormones further do not exhibit the problems said to be resolved 
by Thomason in the case of PDGF « i.e., inappropriate formation of unwanted homodimers or 
dimers with the "wrong" mature subunit. Even if the documents were combined, there is no 
reasonable expectation of success. The unpredictability of success has been confirmed by the 
sworn testimony of two experts in the field. Further, there is no motivation to combine any of 
the tertiary references with the Thomason/Reddy combination. Accordingly, it is believed that 
all pending claims are in a position for allowance and passage of these claims to issue is 
respectfully requested. 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, applicants petition for 
any required relief including extensions of time and authorizes the Assistant Commissioner to 
charge the cost of such petitions and/or other fees due in connection with the filing of this 
document to Deposit Account No. 03-1952 referencing docket no. 295002005025 . However, 
the Assistant Commissioner is not authorized to charge the cost of the issue fee to the Deposit 
Account. 



Respectfully submitted, 



Dated: October I 



1999 




Kate H. Murashige 
Registration No. 29,959 



Morrison & Foersterixp 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-1533 
Facsimile: (202) 887-0763 
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Human Thyroid-stimulating Hormone (hTSH) Subunit Gene 
Fusion Produces hTSH with Increased Stability and Serum 
Half-life and Compensates for Mutagenesis-induced 
Defects in Subunit Association* 



(Received for publication. Mu* Yl. 1097. and in revised form, June JO. 1997) 
M«thi* Grossman,,*, Rotary Wongg, Marlus* W. Szkudlin R ki, and Bruce IX Wolntraub 




The human thyroid-stimulating hormone (hTSH) sub- 
unite a and fi are transcribed from different genes and 
associate noncovalently to form the bioactive hTSH het- 
crodimer. Dimerlzation i$ rate-limiting for hTSH accre- 
tion, and dlc*oclation lends to hormone innervation. 
Previous studio* on human chorionic gonadotropin 
(hCC) and human foniclestimulitting hormone hud 
shown that it was possible by subunit gene fusion to 
produce a bioactive, single chain hormone, However, 
neither the stability nor the clcnrMncc from the circula- 
tion of euch fused glycoprotein hormones has h«?en stud, 
icd. We show here that genetic fusion of the h'J*SH <y- and 
/SaubunWe using the carboxyl-terminal peptide of the 
hCC 0-subunlt as a linker created unimolccular hTSH 
*hose receptor binding and bioactivitv were compara- 
ble to native hTSH. Interestingly, the "fused hTSH had 
higher thermostability and a longer plasma Imlf-lifc 
than cither native or dimcric hTSH containing the hC(3 
^-eubunlt-Cftrboxyl-tcrminal peptide. suggesting (hat 
dimer dissociation may contribute to glycoprotein hor- 
mone Inactivation in vivo. h\ addition, w v show for the 
first time that synthesis of hTSH as h single polypeptide 
chain could overcome certain mutagenesis -induced de- 
fect* in hTSH secretion, therefore enabling functional 
studies of such mutants. Thus, in addition to prolonga- 
tion of plasma half-life, genetic fusion of hTSH subunits 
should be particularly relevant for the engineering of 
novel analogs wlicrc deniable features arc offset by 
decreased dimer formation or stability. Such methods 
provide a general approach to expand the spectrum of 
novel recombinant glycoprotein hormones available for 
in vitro and in vivo study. 



Thyroid.fcumuJating hormone (TSH) 1 belongs to thir ^lyco 
protein hormone family, which also include the gonadotropins 



The costs of publication of Uiih article wore defrayed m part hy ihc 
pigment ofpagc charts. This urUcle must tlicrcforc be hereby m«rked 
triwrtuement. In uccordimto ^ith U.S.<\ Section 17.14 'solely to 
mdioAt<- (bi» fad. * 

♦ To whom all correspondence unci rtouetts lor reprints should ho 
addressed: laboratory of Molecular Endocrinology, Institute of Human 
ViroloKy, Medical Bioleehnoluip Center, 720 W ]/>ml»ard St. N4R7 
HdUrr.uro MD 2120). Tel.: 410-7fi6 09ya; i'nx: 4I0-7O6-4574- K-maiJ- 
f:''06Sinaiict\jndn.\i md.edu. ' 

i 4TI*\* bb, ' cvi f Uf,,, . < ; Hwd ttrc: Ti5H ' ihyniid-siiinulntini! hormone; 
I- i tJiyroid-stimiilotiiig hormone; I.TSllfi, huma/i thyroid- 

BUiau ating hormone 0 commit; CG. ch^ioponadou-opin; KKH. follicle 
htiinuraune hormone rh. mombimu.i. human; CHO, Chinese heaifttef- 
ovary; PCK. polymeric ch&>.< tvwtivn; wt, wild type; C'lV c^Wvl- 
tcrminnj peptide; SO, single chain; OMV, cytome^lnvir u $. 
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folhcle-stimulating hormone (FSH), luteinizing hormone, and 
chorionic gonadotropin (CG). These hormones exist as hcU 
erodimer* composed of a common o-uubunit, which is i.onco- 
VHlently linked to a limm one-specific 0-subunit (1). Crystallj. 
Mtion of hCG JiHd revealed that both subunits have a similor 
overall structure with a wmtrul cyntine knot motif (2, 3). There 
fore, the glycoprotein hunmmos arc now considered members of 
the cystine knot growth factor supcrfamily that includes a 
variety ol structurally related (limine growth factors, such as 
nt:rve growth factor, platelet-derived growth factor, vascular 
endothelial growth factor, and transforming growth im-tor-/j (4, 
0). The glycoprotein hormone n-Mibufiit is encoded in a single 
gone and thus identical in the amino acid sequence within a 
species. In eontrasl. the jb'suhunits are unique, encoded in 
distinct, g<me.s and responsible for biological ajwdficity («, 7], 

Assembly of the ,,. and p-subuniU is an early poRttranhln- 
tional event in rlyeoprou in hormone- .synthesis occurring in the 
end<»plaKniic reticulum (Si Hclerndimen/.ui.ion is critiiml (or 
disulfide bond formation >md for hunimiKt-specilu: pcisttrunshi- 
tional modilicatioi.N. M.eh ms P » W e.s.sing of the carbohydrate 
suh: chains, iuul thus raU'^limitinn for" the secretion of gly^- 
protein hormones fiJ. Moreover, dimer formation it* esscn- 
ttal for hormonal activity, .since free Mthuniis have minimal 
receptor binding nflii.ity (U In uddition, dissoc.Htion of het- 
erodin.eric.glycopii^Nns into their ftubunils may be a signilicant. 
fucior in terminating glyinmrvtoin hormone activity in euxxH ). 

•J'hercfoa-, covnlent linking of the glycoprotein hormone sub- 
■nuts should overcome assembly-dependent, deficiency in Hcerc- 
tioji und may incivuse hormone slabihty and nctivity. It has 
recently luv.n pioneered by Boimc und colleagues and eubsc- 
quently shown by the group of Puctt Umt bioactive gonado- 
tropins could be produced as single chains (12-14), but it is not 
clear whether this approach in npplicablc for hTSH, or whether 
such f ue i on would ttfrccl Lhc * tHl)iliLv or U|(| . f| vivQ clcarance of 

these hormones. Such fusion should be particularly relevant to 
TO! I, since the free TSH /3-subunit, in contrast to the free CG 
0-subunit, is unstable in the monorncric form *nd dograded 
intmccllulnrly unle^ aUbilited by dimeriMUon with the 
u-Huhunit (lfi). jj^re, wc ahow that it ik j^ssiblc bv subunit 
gene fusion to product! a tethered form of hTSH with compa- 
rable m vitm Hctivity to dimeric hTSH. Kurthcrmore, fusion 
Bjgmnenntly increased tho Rtability und prolonged the in vivo 
huU-hfe of hTSH. Moieover. the expansion of hTOH as a single 
chain could overcome sclocied mutagenoftis-induced defects in 
hTSH secrcUon, and thus, this approach may be used to expand 
the spectrum of structure- function Kt uriie^ of glycoprotein hor- 
mone analogs. Subunit gene fusion therefore appears to be a 
promising strategy, not only for the generat ion of long lasting 
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l hTSH fi mlntKtnc- 



H CTP I 



■ a-subunll c DNA — \ 



Kb* 



Fio. ] . hTSH-SC construct. The hTSH/3 minigene bearing the 32- 
amino add CTP of the hCGp-subunit was fuaed to the a- subunii cDNA 
by overlap extension PCK a$ described under "Experimental Proce- 
dures. " B, exon; intron. 'Sine numbers below demote the base pairs 
corresponding to the respective eubuuft g«m:& unci thc^roy bar Above 
represents the coding legion of the mature protein. 

hTSH analogs, but particularly for the development of recom- 
binant mutants with desirable characteristic*;, the* utility of 
which may be limited by decreased stability. 

KXMCKIMKNTAI, rROCEDUltlSS 
Materials- CHO cells stably tranftfcrud with the b'J*Sli receptor 
(clone J POD) wore kindly donated by )>r. O, Vussarl, Dotgimn. an J 
FRTI-rfi cells expressing the endogenous rat TSH receptor liy Dr. h. 11. 
Kehn. Intcrlhyr KeuetMvh KuundaUun (Haltimarc, Ml)). cAMP antibody 
waft generously Bupplied by Dr. J. U V>hukaitis, NHticmul Instjiuiiw «if 
Health (Bethesda, Ml)). Cell culture medio and reagent* w V iv pur 
chased from Life Technologies, Inc., and ,Mf 'I-eAMP and '"l-hTSJI 
radiolabeled to a specific activity of -JO-GO /#Ci^/»t* from Htuleton (Vi- 
enna, VA). PCH roagenU wt-iv ohLnincd from Koch ringer Mannheim 
and New England Hiolubfc tHe.ve.i-ly, MA», 

Site-dimmed Muttifn>nr.six. The construction of (he bTKM /.< snlninit 
bearing the corboxyblcriiiinul extension paptide of the hCC 0-subuuit 
(hTSHp-CTP) bus been described previously <ICi. To produce single 
chain hTSH (hTSH-$C). we used overlap extension I'CK t J 7 Ho (use the 
amino terminus of Uie u-subunil cDNA t without the. signal sequence) to 
the carboxyl-tcrminal end of the h'J'SII/f-CTP (Pi,;. 1). Pi ;...<•.!* V7. 
5 -CAC ATC AGO AGO TTG TGG GAG CAT ClKi and Hi V-ATC CTC 
CCA CAA CC'J CCTr CAT CrC CAC *p„n both the uirbuxvl-terrmnttl 
end of the hTSH /K«ubunlt containing tin- hCG/i CTlNhTSI l/Mvrp| lift 
well as the amine teimiiiu* of the ludiuii tH-ipiuiitv ul' Hie n viil'unit.. In 
addition. Pi fi -CTG GAG TCTaCa ATG A<vr Girnriv.rrr OKI ajV 
was designer) 10 nnrtoul :V of the hTSH i'TI» nimij'.ene peptide, 
and P4 5'-CCA OOTCCA Tt *<: A H.; t :T( i TaTTCA TVC to annual 3* ol 
the hTSH 0-subunil cDNA. Initially, two PCK iv^aimis wt-jv per- 
formed; l'l end 1*2 were used with the hTSIMVJ'P as ibc. tem|»U»(e tJ'Cll 
no. U and P3 anrl P4 uftinp t)u« ( r-Mibuiiit. tHNA (l^K no. 2i. In a third 
PCH reaction (PCK no. 3). both these oveilhpjtinK pnxlmln wi-t v . nsml «s 
eembinod templMtf lr>gcriit rnU- tin* hin^lc rhnin bTSH wii.b Pj ond J 'l 
To create Gln'^-Gln^yTSH^SC m which b»1h rv i;ly<-osyhitiwn roc 
ognitinn Rftqnpnrcf* wer/t deleted by niultUina Iwth Asn \""' and Af»i *" ; in 
Gin. a previously do.firribed n-Mil»uiiit tMNA const t \id (t;ln *'"- CJJn'") 
(16> wsk u(?ed as the tcmpL'itv for PU( no 2. Similarly, t/> obtain 
A*p" y Vl\SH£-SC. the a-subunit eHNA eonMrurt Asjr '" (i'ft» ser ved i.k 
the template In PCK nn. 2. Knllowinn tubtlunimi of the fused wild typ«. 
or mutant 2.klMI».tse pair bTSM SC tonsU iuU into tlw pUl-CMV , v 
pre 3 6 ion vector, Uie entire PCli product wju ftrf^rionror) in (-;irli t;is^ ti« 
rule out any undefiired polymer a at. envrt. 

7>wf*Ki'cn/ Srpresswn- CilO-Kl Ccile (A'VCC, R^ckvllU-, Ml)) w« ; m. 
memialned in llam'n P-12 medium aupplcmcntcd with b% fetul eulf 
avrum, penicillin (. r >0 unlu/ml), MrepLninycin (50 fie/inl) and glutnmine 
(4 mM), To obloin dimcric wild-type hTSH (bTSH-wi), » idU w»;i V <:y 
transfccLcd in GO-mm ruHuie dishcft with tlie a-subunit cDNA in 
pcDNA 1/neo and the h'l'SJl/? minipene in the pM^CMV vecloi; umjiu u 
total amount of 2 ^ DNA per difih and h liposome formulation (Lipo 
feelAMINK reagent. Life Technologies. )ne.) us described previously 
(20). The hTSH-SC fusion product* in the pLB-OMV vcctni were truns- 
feeled with identlral amountfl af total UNA. On Uie following day, Uie 
IranafectAd criH were transferred to CJIO serum-frou medium (Ufir 
Technologies. Inc.). After an additional 48 h, the supernatant^ inelud- 
lag control medium from mock tnunifectioiiH using the ex predion plif;- 
mide without jjenc Inaerts, weir harvefited. 'i'he cnlledwl media wr.iv. 
then concentrated using a Cent ri prep 10 concentrator (Am icon, Bev- 
erly, MA) and used for imiminn.i**ayK, vyi iuus activity u&suy^, and 
clearance studies. 

ImnwrioaKfioysofhTStt- The hTS II constructs were quantified with 
a panel of diHaixjiit immunouKfiAys, iiKtnn h Ui1h1 of fmir difTcivnt hTSH 
immunoassays utilising diffcmit tnonoelomd uulibodies, which were 
described in detail previously 09, 2) ). 

$U$ rolyucryUwiUIv Gd Elcctrvphotrtiis and Weston itfatthifi- 
Conditiuned media from iranRiantly iran/iferi.efl OHO coll* were con- 
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cantratod, (Vactionated on ConA-Sephaitise columns (Pharmacia), re- 
concentrated, and denatured by boiling in 0.20% SDS, 0.6% 
/J-mercapUwlhanol. Samples were than raaolvad on 149* lYls-glycinft 
polyacrylamide gele. transferred to nitix>cellulosc mamhranea, and U\* 
cubsted overnujht with a polyclonal rabbit antibody directed against the 
hTSH a aubunit (18). AnUgen-antlbody complexes were subsequently vi- 
sualized by chemihimincnec using a horseradish pcrcoddaae-coupled 
anti-rabbit IgG and a luminol auhntrata (Boehringcr Mannhaim) 

JKwUorectpt/*r Away of hTSH- J'hc receptor-binding activity of the 
various hTSH construct* wot determined by U»elr nblllty to dleplaeo 
,w l-b7SH <Vom solubilized porcine tltyroid mcmbrune receptor prepara- 
tion? (Kronus. Dana Point, CA) following the manuCacturoi / a InetrucUoiis. 
Hinding was also studied in wh v J c eells using calls expressing the 

endogenous rat TSH receptor, as described previously (20). 

cAMP Pnyduetion in Cells -CWO cells siably expressing the 

rbl'SH receptor were irrnwn in 96-wcll culture plates in Ham's 

medium supplemented as above, Confluent cells ware h.cubatcd 
for 2 h at 37 *C. 5% CO„. with aerial dilutions of hTSH constructs or 
control medium from mock uan&fccUuns in a modified Krebs Ilingci 
buffer supplemented wlUi 280 tiiM sucmw? to maintain isotonic! ty und 1 
ium ft isobntyl-Mnclhylxuntliinc. Hie amount of cAMP released into 
the mediuni waK determined by radtofnununuussuy (20). 

cAtdy ProttuctiMt in A7?T//'5 Cc/b-PItTl^-5 celU were muintuined 
as described elsewhere (20) und, prior m the cAMI* «i;s«y, givwn in 
96-wvll culture platea in the ahannee of T$H for 6-8 days. cAMPprodiio 
tion of hTSH conairuct^ wflfc determined using the protocol for JP09 cclU. 

Cmwtti Asstiy in Cvtts - PHT1/-6 cnlls were grown in 24 -well 

plate* in the presence of 'J$)l to 30'*. confluence and then cultured in 
T.SM free medium tor A days. Subsequently, the cells were incubated 
wilJi serial dilutions of hTSH cum struct* or control from mock irmt*- 
lerteri cells. After 48 h, ] ,0 ^Ci of r'HlUiyinidine per well (DuPonO was 
ucldcd, imd Uie cells were inotb.ited for nn additional 24 h. Suhao* 
qucntly, T 1 ] I (thymidine uptake mcasuivd as described previimHly (18). 

PlaNma Clearance. Hatty- The cle.iv.inn* ruU; of the hTSH constructs 
«a S determined in the rat nfler intravenous injection of the dillereiit 
hTSH preparation* .mrl $uliNin|Uent delei iniiiiition of hTSH nerum lev- 
ets ul defined intervals from 1 in 120 min. Kvp(!i imentnl details of this 
pioieduic have U»en dcM-iiU'd pn-vimisU i'Z?., '.IM, 

(icnrh\ k'u$iiw vf thr fiTtfJt <r- and (iSttlmuit- - Truncation 
*iK wf;ll as aminu jtcul imitsitiun ^todies hud pnrviotiKly indi- 
CftU'd the importance of U»c ci-eurboxyl terminua for h'l'Sl) 
activity (20), To nriHintain accessibility of this region, wn fuw-d 
the carhoxyl t^rmintjs of the TSU 0-subuuil to the Hinino U«r- 
minuft of the ir-fiubunit. Wo nlsn ineludv.H the CTI > of the hCG 
P sobunit. here defined as the carhoxyl -terminal 32 amino ac- 
ids nf vho. h(.:<; /j-Mibmiit. The CTP has a high pm)titc/i;r ri>ir: 
eon ion t, which kicks ^i^nincuut t>ocondury utrueture and waa 
previously shown u* be suil-abU* as a flexible linker for efficient 
expression of cringle chain hKSH 03). In keeping with previous 
observations, Addition of CT1' to the hTSH ^-subunit was pre- 
dicted not to affect receptor binding 01 intrinaic Hctivily of 
hTSH 06). Since nd<lition of the; CTP had previously boon 
shown to prolong the half-life of hTSH, the clearance rate of 
hTSH-SC was compared v*ith both dimcric h TSH- wt bb wcli as 
hTSH-CTP face helow). 

Effect of Subunit Fusion on hl*SH $cavtfon-To demon- 
strate that hTSH-SC wa* indeed produced and accreted as a 
Hiiigli! chttin, w*» p<>rforrfi«<1 SOS- polyacrylamide Rel cloetro- 
phoret*is und subsequent Western blotting of ConA-fraction- 
atcd conditioned media ("roni CHO cells tranaiently tran»<fecU'd 
wiUi cither t)ic fusion product or individual hTSH subunite 
using An antibody agninat the nr-aubunit. Under reducing con- 
ditions, hf*t«»rodiineri( hTSM-wt dissociated into individual 
subunits, and the free <r«subunit inigrnU:d at the expected 25 
kl)a. Jn contrast, the o-Bubunit antibody recofjnized n fif>-kl)n 
band constetcnt with the covalcntly linkod hl'SH fuaion protein 
(Fig. 2). The level of secretion of hTSH-SC from tronHicntly 
IranafecUfd CHO cells, as determined by four different Immu 
noaseays, was similar tr» h1*sn-w|. (Tabic I), if individual sub 
unit plasmids were cotransfcctcd ot a 8 to J mo)nr ratio. Such 1 
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FiO 2. Western blot analysis of ConA*Soph arose- fractionated 
hTSH-wl and hTSH-SC obtained from AondUloncd media har- 
vested from transiently trannfected OHO cells. Also shown, ar An 
interim! tilundard, it rhTSlI, kindly provided by the Gcnzymr 00171. 
(Cambridge, MA). A polyclonal rabbit antibody tymnet the hTSH »-*ub- 
unit v»bb used. Under the reducing conditions used, dimeric hTSH 
diAAociAU* inU> Individual bubum'U, und the tree o-aubunll mlgntlcd an 
the cxpocUd 26-kDa protein (bottom arrow). In contra*!, the hTJ$H*SC 
migrated ot 65 kDn. oonaieLent will* i)k; sire ufu linked cr-£-sul>unli. 
complex {top anvui). The presence of nonprominrnl high*! muluculur 
welght hand* was consistently obsarved with th« different hTSU prep- 
arations us well at mock liAnttfecicd supernatant from independent 
Iran Blent transection*; and therefore motti. likely due to nonspecific 
antibody interaction Therefore, u potential Apfccrific eflrtut un (lie biolog- 
ical or phyelcnl properties of a hTSH pre.pAntt.ion would not be expected. 

Taw>: 1 
Secretion of h'/'SJI analogs 
Hormone levels wen; determined in cun Jitioncd media from OHO 
cell* transiently IrnnKfocUrcl with Out n;spwlivu hTSH constructs, n 
denotes number of independent U-fiiiftff.riiuriN, eiuli performed in trip- 
licate didhpH. Krce ^-subunit levels wen.- similar in conditioned maliu 
from hTSIl-wtand ARp" ; "yhTSH0 wt , but not delectable in modi;i IVum 
either Gln- rv -<Jln 7 7hT$H" wt or Oln"" a -(iln TB /h , r.SHja-SC Csw text). 
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a 3 to 1 molar excess of the or-aubumt plasmid led to a higher 
eocrction of dimeric hTSH compared with trfuisfcclioii of Imth 
uubunlts at an equimolar ratio. Addition of the CTP to the 
hTSH 0-subunit reduced secretion of dimeric hTSH, wheron* 
fusion of the hTSH subunits with int:lu»ion of the CTP se- 
quence as 0 Hnkor did not impair subunit folding ur expression 
of the hormone (Table 1). 

Effect of Subunit Fusion on Secretion -deficient hTSH a Sub- 
unit Mutant* -To Uwt the effects of subunit fusion on rnutagen- 
osia-indnced defects in hTSH secretion, we Htudied the secre- 
tion of ninple chain hTSH analogs G]«'*M»ln v */TSH/J-SC 
lacking the two o-subunit glycosylaUon recognition sequences, 
and Asp" MH /hTSH/3-SC. These mutations had previously been 
shown to profoundly decrease or abolish lhi» accretion of di- 
incric hTSH (18, 19) ('J^b)c I). Consistent with finding tliftt 
non-glycoa.yltitod glycoproteJn hoi moiic eubuiiiU ure mi«folded 
and degrudrd iniraeeliularly, the free Gln" M -G)n 7 * subunit 




Ki«. 3 hTKH afabllUy. hTSH inuuunorfftf l.vjiy, ntcubiired ue per^ 
c^cnl uf total remaining li'J'SlI, was determined for hTSH-wi, hl^SH- 
CTP. and 1/1^11-550 aI 55*0 for 6 dny& usin^ an HflRfly flperin c fur 
dimeric hTSH without croA*- reactivity to iVcc tubuniU Values are i.h v 
mean *• S B. :if thr™ independent cxpcrimenU, each |>erfnrincd in 
dupJivutv, At 37 M C, all hTSH constructs were stable (<5% dcgradAiiun) 
fur ui. lend) 9.} doyw. In aorne caecfl, no *m>r bar \% visible because it in 
equivalent to m Mnnlhtr Own (he of the roupcctive RymboJ. 

whh not .d«1«ctah)c (<0.01% of hTSH- wU free n-Rubunit) by on 
fi%sub\niit-sj)ecific radioimmu nomssuy. In contrast, free Asp" MH 
subunit way sucn;U;(] in levels quantitatively similar to 
)iTSH-wi frve. ^-subunit (]y), supfiCfttinR tliat the failure of the 
Asp"'™ subunit to dimcri7^> with JiTSH p-nubunit was not re- 
lated to Its in itifold inn <r degradation. Kusion of the Gln ,,!S!i - 
Gtn ;h subuijil to the hTSH p-subunii increased secretion, in- 
dicating tl»at fusion of L0U1 hubunits can partially overcome the 
H:iiuiivnn:ni, of fi-Kutuuiit carbohydrate chninh /or hTSH secre- 
tion. In contrast, fusion of the AKp"^ Kvibunitdid not increase 
the amount o' hTSH produced. sutftfestlhK llml. thiw particular 
niuUilion, ptissihly due to its predicted locution at the subunit 
hitorfdcc in close proximity to rtfMiduoH forming intersubunit 
hydrogen bonds (2, 3) prevents subunit nssociAtion (Tabic I). 

Hffnit of Subunit Fusion on hTSH Stability— Stability of tlic 
different hTSH proteiiiK whr U:h\<*.<\ initially by iiieubutirtf; con- 
ditioned media olit^ined from transient tiuiiKfections at 37 °C 
All three forms of hTSH, hTSH-wl, hTSH-CT]> as well hk 
h'J*SH-SC were stable at this temperature, and there was min* 
imnl (<.5%) degradation over a period of 21 days, aa judged by 
repeated deU-rrninHtiuns of h'I'SH immunorcactivity with an 
aKBay epecific for heterodi merle hTSJJ ( which docs not recog- 
nize free nubunits. However, incubation ut 66 *C ahowed that 
the fused hTSH-SC was aignificantly more stable than dimeric 
hTSH in that Uub than 16% of hTSH-SC was dogradod aOor 
24 h, compared with more than 60% of dimoric hTSH» either 
hTSH-w< or hTSH-C'ir (Fig. 3). 

Effect of Subunit Fusion on Receptor Binding and Intrinsic 
Activity of hTSH- The receptor binding of the fused hTSH-SC 
wflM similar to that of hTSH-wl and hTSH-CTP when tested in 
porcine thyroid membrane* (Yig. A) or in FRTL-6 cells express- 
ing the endogenous rat TSH receptor (not shown). In addition, 
the ability of hTSJl-SC to induce cAMP stimulation in JP09 
cell6 (Fig. 5a), as well cAMP stimulation (Fig. 66) and 
growth promotion (Fig. 6c) in FRTL-6 cclle was cotnpuruble to 
that of hTSH-wl und to that of hTSH-CTP. This indicates that 
bolb int roduction of the CTP linker as well ns subunit fusion 
did not alter the in. vitro characteristic* of hTSH. 

Effect of Subunit Fusion on hTSH Clearance -In accord with 
previous studies from our laboratory (16), addition of the CTP 
to the hTSH /S-subunit significantly prolonged the plasma half- 
life of dimeric hTSH. 60% of the hTSJI-CTP was cleared from 
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Flo. 4. InhtbUlon of '"1-bTSH receptor binding by the hTSH 
preparations Increasing dost* of hTSII were incubated with puntim; 
membranen in the present* of a constant amount of 1W 1 bTSH. ,2r 'I- 
bTSH bound to membranes w**d precipitated and qurtniiiated in d v 
counter. Radioactivity precipitated in the presence of concentrated me- 
dium from mock transections wu* defined as 100%, rhTSIl wae ob- 
taincd from thr Gcniynie Corp. Values are tbft moan ; S.K. of three 
independent experiments, each performed in ntlcaet duplicate. Also net 
legend to Fig. 9 

the rat circulation alter 23.2 ^ 7. ft ruin compared with fi.7 n. G.l 
min for hTSH-wt<p = 0.01 ). Remarkably, f union of the individ- 
ual subunitK including th* OTP as a linker h>d to un even 
farther significant prolongation of half-life; 50% of hTSH -SO 
was cleared after hi. 6 14 A min (/j • 0.02 compared with 
hTSH-C'JT) (Kip. f>). 

discussion 

The half-life of recombinant analogs can bo prolonged by 
inereu&ing the Stoke'n rndius of a prul-rin using polyet.hylr.in: 
glycoly lotion or thr* introduction of new carbohydrate rnrmp.ni- 
tion sites, by modification of protease recognifion siU;s to in- 
crease stability, or by turbohydrat<* modification to avoid em- 
bohydrate-specific clearai-iw* mcchnniftmr. (. r », 21, 23). Our 
present study using a genetically fused, tingle rhain hTSH 
liighlights a novel way by which an increased in vivo hull'- life 
muy be achieved 

Although it had previously been shown that biouclivo bC<? 
and hFSH could be produced ft$ n single chain (J 2- 14), the 
effect of genetic (union on glycoprotein hormone stability and 
plasma clearance rate had not previously been investigated. 
Further, from the findings on hCG and hKSH, it way not 
predictable whether a fusion approueh would also ho feasible 
for hTSll. In particular, recent mutational unalyHia of hTSH 
structure- function relationships has identified common o-sub- 
unit domains that play utri kingly different roles for het- 
orodimcr formation, receptor binding, and bioactivity ofhTSH 
compared with hCG and hKSH (18-20). Interestingly, these 
domains arc located in close proximity to the scat-belt region, 
which i» crucial for hTSH apart ficity, suggesting that the scat- 
belt may direct these common domains to function in a hor- 
mone-specific fashion (5, 24). 

In light of previous observations (16), validated here, that 
addition of the CTP with its O- linked carbohydrate side chains 
prolonged hTSH half-life in vivo, the full -length OTP was used 
as o linker for fusing the hTSH subunitH. We anticipated that 
the linker may syncrgiftc with the fusion to prolong the half-life 
ofhTSH in vivo. Indeed, gene fusion significantly decreased the 
clearance rate of dimcm: hTSH even when compared with 
dimcrie hTSH bearing the CTP. Thin indicates that diswnmition 
ofhTSH into its subuniU occurs in vivo and contributes to its 
deactivation, as individual subunitK are devoid of in vivo nctiv. 
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Kit:. f». o and 6, cAMP induction by Uic various hTSH constructs m 
0PO9 cells (a) end KKTL-6 cells (M. Increasing con centre t tons of the 
various hTSH constructs were incubated with J I TO or FRTL5 cellfi. 
end the cAMP concentration in the resulting supernatant* was ae*aycd 
by rodioimmunoaM&y. c f induction of cell growth by the hTSH con- 
structs. Increasing concentrations of bTSH were incubated with 
KKTL-6 cells, which were previously grown in tho ub&cjicc of TS1I. After 
48 h, ( J HJlhy>mdine was added, and after an additional 24 h, radioac- 
tivity incorporated Into the DNA wee measured. The radioactivity in- 
corporated by the cells in the presence of concentrated medium from 
mock LrunsfecM collu w«» not different from base line levels. rhTSJI 
represent* recombinant hTSH finm Oensyinc Corp. Va)ucn arc ahown u* 
the moan of triplicate obRorvotions f S.K. Sec also the legend to Vig. H 

ity and rapidly cleared from the circulation (11). 

In addition, fusion of tho subunits of hTSH increased its 
thermostability. It is conceivable thnt such enhancod stability 
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Kio. 6. Scrum dUappcurnnee rate of the various h'lSH con- 
struct* ll) male rut*. After Unlufl injection ot 200-30U ng of hTSH into 
the femoral vein, blood for hTSH determinations! wos uuti»in™l nv«r 120 
rnln at equal time |*oint*. An hrmmnoradiometric uwuy without cross- 
reactivity to ratTSH (Nichols Institute). w»s iwod. Iinmunorcactivily 
was expressed an mean * S.K. porceni rcmuintiiK, «nrl nor um convvn- 
IraUon at 0 min was defined an 100%. A total of n = h animal* was used 
for each hTSH preparations. Sec also iho legend to Fit;, S. 

may become particularly relevant Cor recombinant glycoprotein 
hormone analogs with genetically cntfin««recl novel features 
that Hrc less steblo than the wild-typo hoi muni;. In tit In nwprct, 
hKSH analogfi have recently been dexeriU-d, in which «i te- 
ll irtctod mutacviutsia within regions important far activity sig- 
nificantly decreased their stability (20). 

Moreover, genetic fiubunit fusion am overcome eurt:iin mu- 
tagcnesiH-induced defect* in hetcrodimn- formation, Tlv. pn-s- 
vnu> of carbohydrate side rhmms on bath subuniix is i\sM*iiU;t) 
for proper subu nil folding and combination, and intracellular 
ASBcmbly of dcglycosylated subunit> is hienicienU JOi. Indeed, 
glycosylation of the a-su burnt appears necessary to overcome 
retention of the hTSH 0-juihunit in the endoplasmic reticulum 
(8), and in contrast to the free hCG /J-mhunit, tbe free hTSH 
0-aubunit i* not cffieientJy secreted (2(iJ. Our fusion experi- 
ments suggest that the glycosylated hTSH fi-subuiiit, if fused 
to an fi-subunit devoid of g]yco$ylation recognition Reijm-mws, 
mny function as a chape rone, inducing a-Kuhunit folding despite 
the absence »f carbohydrate chains and thus partially rescue 
the nonglyconylatod <r-subunit. On the other hand, fusion was 
not iihle to induce hotorodimcr formation with ft mutator! 
ft-pubunit Asp"™ which, althouffb dimcr forma Lion-incompe- 
tent, nevertheless appeared to be properly folded and secreted. 
It IB Interesting to consider the dimerie structure of glyco- 
protein hormones from an evolutionary perspective. The glyco- 
protein hormones were probably derived from a common an- 
cestor gene, and in less developed organ ihitik. o Binglc 
primordial monomeric hormone with a rom-aponding receptor 
waa likely euflicient for the necessary endocrine function* (27). 
To fulfill the reqoiroments for an inm:u6ingly complex oru>t- 
niarn, adopting a dimoric Ugand r true: tun: ciiublvd function.-) I 
diversification and increeaad flexibility without the need for 
the development of entirely new mechanisms of receptor acti- 
vation, albeit perhaps at the expense of reduced protein stabil- 
ity. This diversification appears to have evolved by the- emer- 
gence of inhibitory domains on both ligand mid receptor which 
impose stcric hindrunccK Urns allowing only the intended li- 



gand 10 Interaction the common activation domain (28). Such 
negative epeciftcity determinant* have not only developed In 
glycoprotein hormones and their receptors, but also in other 
mcmbera of the cystine knot growth factor supcrfamily, each as 
neurotropic (29), and also in other G protein-coupled receptors 
(30). More generally, dimer formation is necesaary for the ac- 
tivity and spe cificit y of many, if not all cystine knot growth 
factors, as well ae for other feoaeUvo molecule*. «uch as en- 
zymes and transcription factor*. In this respect, fusion of indi- 
vidual protein monomer* has recently, been used to develop 
transcription factor* end cytokine analogs with defined prop- 
erties and increased biological activities (81, 32). This approach 
poRos a universal strategy to enhance both stability and bioac- 
tivity at) well as to control specificity of noncovalontly linked 
oligomers, and may also be used to engineer molecules with 
novel activities or specificities 

Achwwktlt!"V!nt - Wc thank )>r. l*Ui JusUi lor pmvirling us with the 
hTSH ^-subunit minigene construct in the bH-CMV ('xpression vector. 
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